Attention-deficit/hyperactivity disorder (ADHD) is a neurodevelopmental disorder characterized by inattention, impulsivity, and hyperactivity of core symptoms, affecting 3-10% of school age children, as well as 4% of adults.
Introduction
Quality of life (QoL) and its evaluation have become an increasingly important measure of outcome in all age groups of mental health clinical work and research [1] . WHOQoL group describes QoL as "the individuals' perception of their position in life, in the context of culture more frequently in girls, whereas the combined subtype of ADHD is seen more dominantly in boys. Because girls have more prominent inattention symptoms and they have less conduct disorder, they are admitted to the hospital at a lower rate [12] . ADHD, though its etiology is still not clearly understood, is a disorder in which genetic and environmental factors play crucial roles. Family, twin, and orphan studies support the importance of genetic factors in the etiology of ADHD. The heritability rate of ADHD has been found at a 76% rate in genetic studies. Genetic predisposition to ADHD is identified by the combination of the effects of many genes. Environmental factors that lead to ADHD, on the other hand, are more influential in those who have a genetic predisposition to disease [13] . Neuroimaging studies have revealed that there is a relationship between a delay in cortical maturation and ADHD. Previously, a dysfunction located in the prefrontal-striatal pathways was thought to play a crucial role. However, later studies have shown that the etiopathogenesis of ADHD is a widespread dysfunction in a number of locations such as the frontoparietalcortical pathways, corpus callosum, anterior cingulate cortex, and cerebellum. These areas are responsible for functions such as cognitive processing, attention, motor control, executive functions, response inhibition, reward, and motivation. Neuropsychological problems and behavioral symptoms of ADHD are considered to be a result of structural and functional abnormalities in fronto-striatal-cerebellar circuits [14] . Findings obtained from neuropsychological evaluations and neuroimaging studies are very important but not sufficient to be used in the diagnosis of ADHD. Thus, ADHD is still a clinical diagnosis based on detailed history, clinical observations, and a physical and neurological examination. Clinicians should refer to the information from parents and teachers regarding the symptoms of children. It is important to determine the severity of the symptoms before and after treatment with valid and reliable rating scales [13] .
Children, adolescents, and adults diagnosed with ADHD have a high rate of comorbid psychiatric disorders. Studies have rated this comorbidity from 46% to 76%. Oppositional defiant disorder (40-60%), conduct disorder (10-20%), anxiety disorder (30-40%), and mood disorders (20-30%) are the most frequently seen comorbid disorders [15] . Alcohol and substance abuse are two problems patients face in their adolescence or adulthood. The presence of comorbid psychiatric disorders during the progress of ADHD negatively affects both the treatment process and the prognosis.
Even though ADHD is mostly diagnosed during childhood, follow-up studies have pointed out that 60-80% of patients continue to have symptoms of ADHD during adulthood [14] . It is known that during the transition to adolescence and adulthood, the symptoms of ADHD vary. Hyperactivity decreases during and after adolescence, and restlessness, feelings of discomfort or risky behaviors become dominant instead. However, in adulthood, symptoms such as difficulty in maintaining attention, forgetfulness, an inability to organize, an inability to complete plans, frequent change of jobs, marital problems, and changes in mood are seen [16] .
The treatment of ADHD is a multifaceted approach that includes psychosocial interventions as well as pharmacotherapy. For adults, cognitive-behavioral therapy (CBT) is seen as an effective intervention method to treat ADHD [17, 18] or as an added approach to the ADHD medication as a supplement, to being effective in ADHD treatment [19, 20] . Similarly, behav-ioral management is also the most commonly used psychosocial approach in children with ADHD and has different forms for parents (such as behavioral parent training [BPT]), for teachers (such as training of classroom behavior management), and for children (such as summer treatment program [STP] and operant conditioning trails) [21, 22, 23] . STP is a multimodal intervention, developed by Pelham et al. (1996) , consisting of parent training, classroom implementation, practicing and tutoring of academic and sport skills, and social skill training [22] . Using these psychosocial approaches with pharmacotherapy could result in giving lower doses of medication to children with ADHD [23] . In adolescents with ADHD, behavior therapy (BT) was found to be effective compared to the medication, though BT had brought about greater improvement on overall functioning measures than that of medication [24] . CBT is another psychosocial intervention used in adolescents, which mostly relied on behavioral principles and was shown as effective [25, 26] .
Pharmacotherapy is needed for many ADHD patients to control the symptoms and to decrease functional deteriorations. The first step in medication for the treatment of ADHD is stimulants. Stimulants are known to be generally safe and effective, and their clinical response rate is considered to be about 70%. Among non-stimulant medications, those frequently used are atomoxetine, alpha-2 agonists (clonidine and guanfacine), tricyclic antidepressants, and bupropion. Beginning the treatment in the very early stages of the disease and using effective dosage positively affects its prognosis and it leads to fewer problems in adulthood [27] .
The impact of ADHD on QOL
Difficulties stemming mainly from the core symptoms of ADHD (inattention, hyperactivity, and impulsivity), affect many aspects of the lives of children and their families. It has also been long known that there is a relationship between a wide range of developmental, cognitive, social, and academic insufficiencies and ADHD [28] . Children and adolescents with ADHD experience more difficulties in social relations than that of their non-ADHD peers, especially in terms of establishing a relationship [29] . Also, ADHD in adults has been found to have specific and disabling effects on substance abuse, driving, divorce, lost years of schooling, unemployment, underemployment, poor self-esteem, and as a risk for other disorders [30] . Thus, a QoL assessment is especially important in disorders of a chronic nature that cause difficulties in almost every aspect of life such as ADHD. Studies examining the relationship between ADHD and QoL have gained momentum because QoL has become more prominent among health-related indicators.
Evaluating QoL in adults or children with ADHD has ultimately been possible by using generic QoL scales. A study conducted by Mick et al. (2008) showed that the psychometric properties of "Quality of life enjoyment and satisfaction questionnaire (Q-LES-QSF) [31] ," one of the generic QoL scales, had internal consistency at a 0.88 rate in adults with ADHD, showing that it would be appropriate for evaluating QoL in ADHD [32] . Studies carried out in adults with ADHD have shown evidence of lower levels of QoL when compared to non-ADHD controls. In a study where the QoL of older patients with ADHD were evaluated with 148 adults aged over 50 years, the quality of life levels, determined by using EurQoL [33] , the generic QoL scale, and life satisfaction levels were found to be significantly lower than that of population normative results due to an important decrease in QoL aspects such as mobility, self-care, general activity, pain/discomfort, and anxiety/depression [34] . Similar to this report, a study conducted by Kooij et al (2005) with 1813 adults who had ADHD-DSM-IV symptoms that were obtained from self-report evaluations demonstrated psychosocial impairments [35] . This study revealed that inattentiveness and hyperactivity scores were significantly associated with the measures of impairment, evaluated by using the General Health Questionnaire (GHQ-28) [36] , one of the generic QoL scales. Even after controls for the GHQ-28, it was concluded that ADHD is not merely a child psychiatric disorder that persists into young adulthood, but is an important and unique manifestation of psychopathology during the entire lifespan [35] . These findings support the idea that ADHD has significant effects on the QoL measured by generic QoL scales and other questionnaires evaluating daily functions and other aspects of life throughout the world.
As far as children with ADHD and their QoL measurements using generic QoL scales are concerned, a large number of studies pointed out similar findings with that of the adults' reports. A study reviewing other studies related to children with ADHD and their QoL, Danckaerts et al. (2010) revealed that there were a total of 36 QoL and ADHD studies, and 29 of them evaluated the QoL of children with ADHD, using generic QoL scales [37] . Some of these studies have pointed out that there is an important decrease in all measurable areas [38, 39, 41] , as well as only the "psychosocial areas" [42, 43] of QoL domains in patients with ADHD compared to healthy subjects. Taking a closer look at these findings, a study, conducted by Varni et al. (1999) , showed high reliability in assessing the QoL of children aged 5-16, including 72 with ADHD, 66 cancer patients, 57 cerebral palsy patients, and 3,256 healthy subjects, through the use of the Pediatric Quality of Life Inventory (PedsQL), a generic QoL scale [38] . Similarly, Escobar et al. (2005) conducted a study consisting of 237 children between the ages of 6 and 12, where 124 of them had ADHD, 93 of them had asthma, and 120 were healthy subjects [39] . In this study, QoL assessment was examined with the Child Health Questionnaire (CHQ) [40] scale. The results indicated that children with ADHD showed impaired psychosocial functioning (compared to the asthma group) and an impaired psychosocial and physical functioning (compared to the healthy group). Differences between the ratings for children with ADHD and asthmatic children were smaller than that of the ADHD group and the healthy children.
Another study reported an important difference in connection with QoL between children aged 8-12 with ADHD and healthy controls [41] . In this study, all subscale scores of PedsQoLparent forms and "psychosocial health" and "total scale" scores of PedsQoL-children forms were found to be significantly lower in ADHD group than that of the healthy controls. Kandemir et al. (2014) examined 76 ADHD children and 59 healthy subjects aged 7-16 years, using PedsQL. As a result, the PedsQL-child scale psychosocial health subscale and total scale scores of the ADHD patients were significantly lower than the control group [42] . Similarly, another study, using CHQ, revealed that ADHD has a deteriorating effect on multiple aspects of QoL [43] .
There may also be a distinct difference between parents' reports and their children's with respect to QoL measurements. In a review, 36 QoL studies conducted between the years 1998 and 2008 were evaluated, concluding that parents evaluated their children's QoL parameters lower than their children rated themselves [37] . During the evaluation of QoL parameters and ADHD's effect on it, the question arose of whether or not ADHD subtypes make a difference. According to the assessment of ADHD subtypes and their effect on QoL parameters, Landgraf et al. (2002) found that children with ADHD combined type had a poorer QoL than children with ADHD inattentive type, both in the area of emotional-social well-being and in how they functioned at home [44] . As shown, a great number of factors could affect studies' findings of ADHD and QoL and could lead to different results. Among these factors are the following: sampling's age group, using different types of QoL scales, choosing proxy or self-report scales (whether filled out by parents or children), and different cultural contexts.
There are also a great number of studies evaluating QoL domains through ADHD-specific QoL measures in both adults and children. Brod et al. (2006) , for instance, revealed that adults with ADHD had lower QoL scores, when compared to controls and subthreshold groups, using Adult-ADHD Quality of Life scale (AAQoL), a disease-specific QoL [45] . Another report showed that Taiwanese adult subjects with ADHD had a poorer quality of life than that of controls [46] . It also has been pointed out that ADHD subjects took longer to fall asleep, had lower sleep efficiency, and had shorter periods of uninterrupted sleep, which were consistent with subjective complaints. Alongside this, actigraphic measures of ADHD subjects showed continuously elevated day-time activity levels that resulted in a 24-hour pattern that was more stable and less variable than in controls [47] . Gjervan et al. (2012) assessed the relationship between ADHD symptoms and specific QoL areas in 149 adults with ADHD. In this study, there was a negative correlation between all of the components of QoL, and the inattention and hyperactivity scores, though this correlation was most prominent between inattention scores and vitality scales and between hyperactivity symptoms and mental health scale scores. This study concluded that inattention was only significant as a predictor of emotional outcome scores and hyperactivity was significant as a predictor of both mental health outcome scores and social functioning scores. A relationship between age/sex and aforementioned mental components was not found [48] . In contrast to this report, a study revealed the predictors of QoL, reporting a difference in the QoL scores of different sexes and pointing out that the QoL predictors were income levels for men and inattention symptoms for women [49] . Because findings have revealed that the QoL and its effects on sexes differ, there is a need for further evaluation of other environmental issues and their roles in future studies.
Studies carried out with children and adolescents using ADHD-specific QoL scales have highlighted similar conclusions as adult studies. A study conducted by college students showed that the ADHD group reported a lower quality of life compared to the non-ADHD groups [50] . Another study, a pooled analysis of a total of 136 girls and 658 boys (from one Canadian sample and four European samples) with ADHD showed impaired QoL levels [51] . In conclusion, ADHD is associated with a variety of functional impairments in every aspect of daily life, from academic achievements to social and occupational areas in both children and adults, as well as a significantly lower quality of life than of those without ADHD.
The relationship between ADHD symptoms and QoL

Symptom severity
A large number of studies in both adults and children with ADHD have shown that there is a negative correlation between ADHD severity and QoL parameters. A study revealed a relationship between a deteriorated QoL and ADHD symptom severity and unemployment in patients aged over 50. Both the severity of ADHD symptoms and inattention symptoms have been found to be correlated with the general activity levels of QoL scale scores and current health status sub-scores [34] . Similarly, a negative correlation was reported between the number of ADHD symptoms (ASRS) and the AAQoL total score [52] . Another study pointed out that the ADHD-RS-IV scores of 725 adults with ADHD were correlated with an improvement in both ADHD symptoms and its health-related QoL domains. In this study, inattention symptoms were found to be more predictive of QoL scores than that of hyperactivity/ impulsivity symptoms [53] . In a study of 369 university students with ADHD symptoms, determined by using the "Diagnostic and Statistical Manual of Mental Disorders (DSM-IV)" criteria, it was reported that their satisfaction with life scale (SWLS)'s scores were negatively correlated with all the other measures. Among males, poor social functions were the best predictor of dissatisfaction with life, whereas among females, it was poor emotional control. This implied that both ADHD symptoms and associated problems are significantly related to a lower satisfaction with life, arguing that ADHD symptoms and associated problems were found to be negatively related to subjective well-being [54] . Similarly, Brod et al. (2006) reported a negative correlation between adult self-report scale (ASRS) scores and QoL, where more severe symptoms of ADHD were associated with lower levels of QoL [45] . Another study evaluated the quality of life of 127 Israeli young adults who were living in community residences, diagnosed with borderline intelligence quotient, and attention-deficit/hyperactivity disorder. They studied the subjects with regard to their personal data, disability data, and social ecology data. Overall, they discovered that the QoL was associated with their inclusive education, the total attention-deficit disorder symptomatology score, the monthly income, the amount of participation in leisure activities, and having a personal friend. Two significant predictors of QoL were found to be attention-deficit disorder symptomatology score and monthly income. Additional analyses indicated that among younger residents, the two significant predictors were inclusive education and a high monthly income, whereas the predictors for older residents were a low level of medical disability and a low attention-deficit disorder symptomatology score [55] .
Similar to studies of adults, studies of children with ADHD pointed out a negative correlation between symptoms of ADHD and QoL domains. In their two studies, Wehmeier et al. (2010 Wehmeier et al. ( , 2012 showed a correlation between the ADHD rating scale and CHIP-CE [56] scores, another generic QoL scale, where both were similar in both genders, with low scores at baseline measurement and increased to a moderate level at endpoint assessment [29, 51] . Another study called ADORE, the ADHD Observational Research in Europe, made an important contribution to the evaluation of QoL using parent report forms (PRF) of the Child Health and Illness Profile-Child Edition (CHIP-CE) scales. With the participation of 1,500 parents from 10 European countries, children with ADHD between the ages of 6 and 18 were evaluated. In their conclusions, higher ADHD scores were found to be a predictor of lower QoL scores [57] . Studies using the CHQ-PF-50 scale for evaluating QoL found a statistically significant relationship (from small to moderate range) between QoL and ADHD, where both inattention and hyperactivity symptoms were found to be strongly related to psychosocial health subscale scores [43, 58] . All in all, assessing the above-mentioned results, a negative relationship between ADHD symptom severity and QoL, independent from age, is noticeable.
Functional impairment
The evaluations of QoL and functional impairment have many similar and different aspects from each other. In adults, ADHD determined by using self-report evaluations was found to be correlated with not graduating or being unemployed and these subjects were much more likely to experience relationship problems than those without ADHD diagnosis [59] . Brod et al. (2012) examined the burden of illness and QoL in 24 patients over the age of 65 and compared the findings of population data of younger adults with ADHD. Older ADHD adults showed a significantly greater impairment in productivity and a better life outlook than younger ADHD adults. In addition, 63% of participants had experienced problems such as financial difficulties, academic failures, poor working performance, and social isolation accumulated over a lifetime of living with ADHD [60] . A community-based study evaluating middle-aged adults with ADHD revealed a correlation between ADHD symptoms and both depression-anxiety scores and functional deterioration (as determined in "health," "subjective well-being," "building of social relationship skills," and "maintaining a healthy relationship" measures). After controlling depression-anxiety symptoms, the relation found between ADHD and functional deterioration was to remain [61] . Similarly, ADHD in young adults (ages 18 to 30) was found to be associated with significant impairments in multiple functional domains [62] . In another study, conducted with 3,400 university undergraduates, those with self-reported ADHD had significantly lower grade point averages, poorer emotional stability, and greater academic and social concerns than students who had never been diagnosed with ADHD [63] . Another study revealed that social functions were the best predictor of dissatisfaction with life, whereas among females it was poor emotional control, and both ADHD symptoms and associated problems are significantly related to a poorer satisfaction with life [53] .
Detecting problems at the functional level is mainly carried out by clinicians, while the evaluation of QoL is done by the patient or their parents or caregivers. Rimmer et al. (2007) reported a mild correlation between functional impairment evaluated by a clinician and a QoL assessment carried out by children with ADHD or their parents [64] . In conclusion, studies reported that ADHD causes deterioration in the functioning of patients. However, in each study, the affected life domains were found to be different. This situation could very well stem from the chosen samplings' age groups.
Comorbidity
A large number of studies pointed out that mental diseases accompanied by ADHD are common, and this affects individuals' QoL levels [37, 65-67, 69, 70] . A high level of psychiatric disorder comorbidity was reported by Lensing et al. at a 70.9% rate in adults with ADHD. QoL scores were found to be negatively affected in those who had comorbid psychiatric disorder. Also, these patients' QoL scores have been found to be lower in terms of their current health status, general activity levels, and mobility [34] . A study examining the effects of depression symptoms on QoL scores in adults with ADHD revealed that a total of 131 Korean soldiers were included, and ADHD symptoms were found to be affected by the symptoms of depression. However, depression symptoms had an indirect effect on QoL scores as a mediator [65] . Similarly, a study evaluating ADHD symptoms and anxiety-depression scores in 1382 of young persons between ages 19 and 30 found that there was a correlation between ADHD symptoms and anxiety or depression scores. The presence of depression or anxiety symptoms was found to have a negative effect on QoL scores [66] . In another study conducted with 319 prisoners where the psychopathology and QoL were evaluated, 68 of them were diagnosed with ADHD [67] . This showed that patients diagnosed with ADHD had more psychiatric comorbid disorders. This study also revealed that although prisoners with ADHD had similar risk factors than non-ADHD prisoners, their mental health, mental summary, emotional role limitations, and social functioning scores, as assessed by SF36-QoL [68] , the generic QoL scale, were significantly lower than those of non-ADHD. Liew and Cavanna (2013) showed that those with ADHD with Tourette syndrome (TS) had a lower HR-QoL level than that of patients without it. They set out to compare tic severity and health-related quality of life (HR-QoL) ratings between adult patients with TS versus patients with TS plus ADHD. Comparing 40 patients with only TS to 32 patients with TS plus ADHD using standardized self-report measures of adult ADHD (Adult ADHD Severity Scale), tic severity (MOVES), and diseasespecific HR-QoL (Gilles de la Tourette Syndrome Quality of Life Scale, GTS-QoL), they found a highly significant difference in tic severity as measured by the MOVES scale, with the TS plus ADHD group reporting higher scores. Likewise, there were significant differences in GTS-QoL scores, with the TS plus ADHD group demonstrating worse HR-QoL perception. Adult patients with TS and comorbid ADHD tended to have higher tic severity and poorer HR-QOL compared to patients with only TS. As a result, clinicians treating adults with TS should screen their patients for residual ADHD symptoms in order to ensure that appropriate management is provided to prevent potential behavioral difficulties and other functional impairments [69] . A study was reported in relation with psychiatric comorbidity, age, and sex in subjects up to age 18 with treatment-naive ADHD. Results of this study were evaluated after being categorized as dimensional and categorical. A lower self-reported QoL was associated with females, older subjects, more symptoms of anxiety, and trauma-related disorders (in dimensional approach terms), and with comorbid diagnoses of trauma-related disorders and oppositional defiant disorder (ODD)/conduct disorder (CD)(in categorical approach terms). A lower parentreported QoL was related to older subjects and increasing number of symptoms of mood and anxiety disorders on one hand, and any diagnosis of mood and anxiety disorders and ODD/CD on the other. Consequently, researchers have emphasized that during the evaluation of QoL in ADHD, age and sex variables, as well as both parents' and children's scales should be evaluated altogether [70] . It can be concluded that comorbid psychiatric disorders accompanying ADHD have a negative effect on QoL perceptions.
The effects of ADHD treatments on QOL
The concept of QoL has helped us understand the effects of medical conditions on individuals, as well as increasing our awareness of how treatments of diseases affect patients' life domains. ADHD treatment options including psychosocial approaches and pharmacotherapies have been shown to be effective in ameliorating both ADHD symptom scores and QoL measurements in both children and adults.
Psychosocial approaches and QoL in ADHD
There are a few studies regarding psychosocial programs and their effectiveness in treating ADHD and improving QoL compared to the medication studies. Cognitive-behavioral therapy (CBT) group intervention approach, one of the psychosocial methods, was shown as effective in low self-esteem and self-efficacy domains in adults with ADHD [17] . In another randomized controlled study, including a CBT booster-trial group, a CBT group and a control group, CBT booster sessions were shown to be as effective on Chinese adults with ADHD [18] , using WHOQoL, another generic QoL scale [71] . Another study showed that CBT combined with pharmacotherapy of ADHD resulted in improvements of overall functioning assessed by clinical global impression scale (CGI) as well as ADHD symptoms [19] . Similarly, CBT combined with usual ADHD medication improved both the self-rated ADHD symptoms and social and occupational functioning in comparison to ADHD medication alone [20] . The other psychosocial approaches added to the ADHD medication in adults were also reported to be effective, though medication was found to be superior to placebo and psychosocial programs [72] . On the other hand, a review examining the effects of psycho-education interventions on outcomes of children and adolescents with ADHD highlighted that programs focusing on the communication between children and their parents and/or teachers and coping skills of parents had some positive effect on the clinical outcomes [73] . BPT has been shown to be effective in parent-child conflicts to improve child oppositional behavior rather than ADHD symptoms themselves [21] . Teacher training for contingency management procedures such as strategy training and curriculum modifications as well as punishment techniques were also found promising in altering the level of ADHD symptoms [22] . CBT was also shown as more effective in adolescents with pure ADHD or in those with anxiety/depression symptoms comorbidity than that of adolescents with ADHD and in those with comorbid oppositional defiant disorders [26] . Psychosocial interventions added to ADHD medication was reported to be effective in ameliorating the core ADHD symptoms and functional impairments accompanying it [74] .
Atomoxetine (ATX) and QoL in ADHD
Medication use for ADHD treatment and its effects on QoL domains is a well-studied issue. In the literature, studies evaluating QoL and ATX have been noticeably more common than that of other agents. With randomized, double-blind, placebo-controlled studies, ATX had a positive effect on the QoL of both adults and children with ADHD as well as with open-labelled designed reports [29, 51, 53, 57, 62, [74] [75] [76] [77] [78] .
For adults with ADHD, ATX is the only United States Food and Drug Administration (FDA)approved, non-stimulant drug. In studies conducted with adults with ADHD, the improvement of ADHD symptoms and QoL domains have been shown in many adult ADHD trials in ATX treatment groups compared to the placebo group [62, [74] [75] [76] [77] [78] . These improvements were not only statistically significant, but also showed a clinically meaningful improvement in symptoms [79] . A double-blind, placebo-controlled study, during 12 weeks of ATX treatment consisting of young adults with ADHD, revealed more improvement in ADHD symptoms, executive functions, and QoL scores than that of the placebo group [62] . Similarly, in the first large sampling of placebo-controlled prospective studies, ATX group's QoL total scores and all subscores (except for life outlook subscale) were found significantly improved compared to the placebo group [75] . In the first placebo-controlled design of an Asian sampling study, ATX was found as safe and tolerable in adults with ADHD for 10 weeks. Compared to the placebo, ATX was more effective on ADHD core symptoms and showed more improvement in QoL scores than that of the placebo group [76] . The study examined the effectiveness of ATX in adults with ADHD, at 10 weeks of the treatment and at six months and total QoL scores and ADHD symptom rating scores evaluated by the clinicians and clinical global impression scale scores were found significantly improved over that of the placebo group [78] . The evaluation of adults with both ADHD and comorbid social anxiety disorder after 14 weeks medication with ATX revealed that QoL total scores, state anxiety scores, social anxiety scores, and clinical global impression scores were significantly improved in ATX group over that of the placebo group [80] .
For children and adolescents, ATX has also been the most studied pharmacotherapeutic agent in ADHD and QoL. In a randomized, placebo-controlled designed study of Swedish children with ADHD, ATX treatment was found as effective on Child Health and Illness Profile (CHIP) QoL domains [74] . Similar to this study, Escobar et al. (2009) reported that ATX was superior to that of a placebo on CHIP-CE scores [81] . Another randomized, double blind, placebo controlled study, conducted among 180 children and adolescents with ADHD and comorbid ODD/CD for nine weeks, showed that ATX had a positive effect on QoL domains [82] . In another study of comorbid oppositional defiant disorder and ADHD, Dell'Agnello et al. (2009) showed that ATX was more effective on CHIP-CE QoL domains than that of a placebo [83] .
Also, with open-label designed studies, ATX has been shown to cause an increase in the QoL of children with ADHD [84, 85] . Montoya et al. (2014) examined the prognostic factors of improvements of ATX treatment in children and adolescents with ADHD, concluding that a baseline level of impairment in health-related QoL could be an early prognostic factor of clinical outcomes of ADHD treatment [86] . Also, another analysis of pooled data (from 5 clinical ATX trials (four from Europe and one from Canada) of similar durations (8-to 12-week follow-ups) and with similar inclusion and exclusion criteria) evaluated whether gender makes a difference in QoL domains with ATX treatments. It showed that there were correlations between HR-QoL and ADHD core symptoms. Boys and girls were similarly impaired at baseline with minor differences in some of the subdomains. The treatment effect of ATX was significant in both groups for the risk-avoidance domain and its subdomains [51] .
Stimulants and QoL in ADHD
There are relatively few studies related to QoL and stimulants such as methylphenidate (MPH), amphetamines and lisdexamfetamine dimesylate (LDX), although they are the most used agents in ADHD treatment. Adult studies with stimulants and QoL in ADHD unanimously pointed out the efficacy of these medications on ADHD symptoms and QoL measurements. Mattos et al. (2013) showed OROS-MPH, a long-acting methylphenidate, was found effective, in a 12-week, multicenter, open-label trial involving 60 patients. All subscales of QoL improved from baseline to week 12, as well as the total score of QoL. In addition, significant improvement was pointed out by the Clinical Global Impression-Improvement (CGI-I) scale, depression scale, state-trait anxiety scale, ADHD symptom rating scale [87] . The placebo-controlled study examined the sleep quality and its relation with MPH treatment in adult patients with ADHD. Then, pre-treatment and after-treatment of sleep parameters, activity, and circadian rhythm were evaluated [47] . Data obtained from ADHD subjects at the beginning were compared with healthy persons. Actigraphic sleep estimates revealed that ADHD subjects took longer to fall asleep, had lower sleep efficiency, and had shorter uninterrupted night sleep. In addition, ADHD subjects showed continuously elevated daytime activity levels, resulting in a 24-hour pattern that was more stable and less variable than in controls. With MPH treatment, a decrease was found in waking throughout the night sleeps, concluding that there was an improvement in sleep quality despite the reduction in total sleep time. Kooij et al. (2001) evaluated the effect of MPH and dextroamphetamine treatments on sleep parameters in 8 adults with ADHD in a case-control study [88] . Actimeters were used to assess nocturnal motor activity for six consecutive nights both at baseline and after three weeks of treatment. ADHD patients slept worse and showed significantly higher nocturnal motor activity at baseline compared with controls. When within-group changes were compared between ADHD subjects and controls, treatment with stimulants tended to be associated with a reduction of Activity Level and Movement Index scores and improved sleep quality in ADHD patients.
An open-labelled designed study examining effectiveness of long-acting amphetamines in adults with ADHD for eight months found strong responses to the amphetamine treatment. This study revealed that changes in the symptoms and treatment satisfaction mediate inde-pendently the mental outcome of QoL but not the physical outcome. Inattention symptoms were found as strong mediators for QoL outcomes compared to the disruptive behaviors [53] . A positive correlation between improvement of executive functions and health-related quality of life scores in adults with ADHD treated with triple-bead mixed amphetamine salts (MAS) was pointed out according to the evaluation of two large-sampled, randomized, placebocontrolled and double-blind study results [89] . Similarly, another study in adults with doubleblind, placebo-controlled design for seven weeks showed a significant improvement in all subscales of health-specific QoL scores compared to the placebo results [90] .
LDX was also shown to be effective in both ADHD core symptoms and in QoL measurements in adults with ADHD who had significant impairments [91] . Adler et al. (2013) examined the effects of LDX on QoL in adults with ADHD and clinically significant executive function deficits (EFD). In this 10-week randomized placebo-controlled trial study, LDX was just as effective on QoL and EFD measurements [92] .
Stimulants and their efficacies on QoL parameters in children and adolescents with ADHD were also reported in the literature. Forty-five of treatment-naïve children with ADHD, aged 8-14, were assessed, based on self, parent, and teacher reports at the baseline and at the end of the first and third months of MPH treatment, regarding changes in inattention, hyperactivity, impulsivity, depression, anxiety, and obsessive compulsive symptoms. Symptoms of inattention, hyperactivity, and impulsivity were significantly reduced following a threemonth MPH treatment. There were significant decreases in depression, trait anxiety, and checking compulsion symptom scores. Moreover, parents reported significant improvements in psychosocial and total scores of quality of life [93] . Gerwe et al. (2009) showed that in their 8-week, prospective, open-label, non-interventional trial, the impact of therapy with OROS-MPH on functioning in four different areas of life (school, recreation, family life, and peer interaction), severity of disease, and quality of life (QoL) as well as tolerability, were investigated under daily routine care. In this study, 306 patients, aged 10.2±2.3 years, were either transitioned to OROS-MPH from short-acting, immediate-release MPH preparations, or treatment was initiated with OROS MPH in MPHnaive patients. In both groups, therapy with OROS-MPH was associated with significant improvements in daily functioning, severity of disease, and QoL [94] . Another double-blind, open-label study designed with placebo controls examined MPH effects on QoL, conducted with children aged 7-10 who have ADHD and developmental coordination disorder comorbidity, over the course of four weeks. QoL was evaluated by using both children self-reports and parents' proxy-reports. Pre-treatment scores of autonomic, social, motor, cognitive domains of QoL and general well-being scores decreased, and after MPH treatment, scores of health-related QoL domains improved compared to the controls [95] .
Lisdexamfetamine dimesylate (LDX) was also shown as effective in QoL measurements. Banaschewski et al. (2014) evaluated the effectiveness of LDX on QoL in a total of 262 children, aged 6-17, with ADHD [96] . CHIP-CE Parent Report Form, as QoL evaluation, was found during the pre-treatment period as lower in 4 of 5 sub-scales as one standard deviation of normative means. After a treatment of 30-70 mg/day LDX for 26 weeks, all QoL subscale scores were found to be improved compared to the baseline evaluation. After 26 weeks, 76 of 153 patients who used LDX continued to take the same dosage of LDX whereas 77 of them used a placebo instead of LDX. During this new six-week period, QoL scores of all patients who used placebos deteriorated, while there was no difference in QoL scores of patients who continued with the LDX agent. During a six-week period, there was a statistically significant difference in terms of "Avoidance Achievement," and "Satisfaction domains" of QoL scores between two groups (placebo and LDX).
Other pharmacological treatments undergoing clinical trials as are follows [30] :
• Long-acting clonidine hydrochloride (Clonicel) (is in Phase III).
• Pozanicline (ABT-089), a neuronal nicotinic receptor partial agonist, might prove to be promising, as research has shown that this drug significantly improves QoL (measured with AAQoL), improves the core symptoms of ADHD, and also reduces the overall work impairment in the adult ADHD population.
• Sofinicline (ABT-894), another nonstimulant agent, is in clinical trials for ADHD and no QoL data are yet available.
Conclusion and summary
QoL is one the most important variables for evaluating health issues. The QoL of subjects who have ADHD has been revealed as decreased in almost all areas of life compared to the healthy persons. This situation suggests that ADHD not only affects academic achievements of a person but it also has a deteriorating effect on all aspects of life, including social and occupational. These findings have the potential to be cornerstones of applying treatment choices and regulating follow-up of ADHD. To be well-understood, the strengths and weaknesses of QoL and ADHD studies are important for designing further studies.
Most studies evaluating the relation between ADHD and QoL seem to have used generic QoL scales. These scales are appropriate and useful to determine QoL in different disease groups or patients who have concurrent diseases. At the same time, it is undeniable that generic QoL scales might not be correlated with the symptoms of ADHD, indicating that there is a need for specific evaluation of core symptoms of ADHD and their probable effects on QoL domains. In this perspective for evaluating adults and adolescents with ADHD and their QoL, self-report ADHD-QoL scales such as "The ADHD Impact Module for Adults (AIM-A)," "The Adult ADHD Quality of Life Scale (AAQoL)," and "The Adult ADHD Quality of Life-29 (AA-QoL-29)" or "The Weiss Functional Impairment Rating Scale WFIRS," and "The ADHD Impact Module-Child; AIM-C" are profitable. For QoL of children with ADHD, it is recommended that both self-report and the parent proxy forms of ADHD-QoL scales be used including "The EuroQoL Five-Dimension Questionnaire-Parent-Proxy Version; Parent-proxy EQ-5D." Because the number of ADHD-specific QoL scales is very limited, an increase in the number
The QoL in ADHD http://dx.doi.org/10.5772/60955 of ADHD-specific QoL scales that have high reliability and validity scores will be useful for further application and evaluation of QoL in ADHD.
According to the literature, ADHD symptoms continue through the life span in many of the patients. This situation recalls that following the treatment and symptoms of ADHD in patients with ADHD, the child, adolescent, and adult forms of scales need to be used. In addition, ADHD has one of the most frequently observed comorbidity rates among the psychiatric disorders. In assessing QoL in ADHD, the frequency of comorbidity stands out as an aspect to be taken into consideration.
ADHD treatment consists of both pharmacological and non-pharmacological interventions.
There is a specific notification that psychosocial interventions for treating of ADHD in both adults and children are seen at a lesser extent compared to the medication use. It is crucial to examine the further psychosocial approaches and their effects on both ADHD symptoms and QoL in adults and children. The use of many pharmacological agents in ADHD treatments has been correlated with an improvement in QoL scores. However, the presence of a small number of randomized placebo-controlled studies with agents, except atomoxetine, draws attention. In addition, there is a need for further study, including comparisons with different pharmacotherapic agents. In addition, non-pharmacological interventions and their effects on QoL in patients with ADHD or the effectiveness of combined treatment modalities should be carried out in the near future.
Appendix QoL scales
QoL scales are evaluated generally under two main headings; a general (generic) evaluation of well-being, and the QoL developed after a specific disorder. Generic and health-specific QoL scales both have superior and limiting aspects from one another. Generic QoL scales are created by comparing two people: one with any disorder and one who is healthy. Therefore, generic QoL scales have advantages in terms of applicability to public health studies, and comparison studies enabling the evaluation of subjects with disease and subjects without. However, the low sensitivity of generic QoL scales and their long-term evaluation phases can be seen as negative aspects. Disease-specific QoL scales are valid only during the evaluation of the disease they have been developed for. This increases the internal consistency of the scale, as well as the sensitivity and specificity. However, a negative aspect of disease-specific QoL scales is that they are valid only for a single disease and there is the question of which scale should be used for patients with multiple diseases [7] .
Studies of QoL scales first began in adult groups. For evaluating physical functions of adults in QoL measurements, activities such as working conditions, self-care, tasks within the family, the ability to walk up the stairs, and the ability to sweep the house are questioned. From these studies, there are several QoL scales for evaluating the adults' QoL domains. On the other hand, it has since become clear that the evaluation of children's QoL has many different aspects than adult QoL assessments. Activities, for instance, are differently evaluated from children with parameters like being able to eat, going to the toilet on their own, being able to perform minor chores, and gaming activities. Although activities in school or relationships with friends are not crucially important in adults when assessing social functioning, in children activities in school, peer relations, game playing, and adjustments to school are very important. Areas of emotional and cognitive functioning, body image, autonomy, family relations, and expectations of the future should be assessed for each age group (adults, adolescents, and children) differently. For these reasons, during QoL evaluations, using adults' QoL scales to evaluate adolescents or using scales developed for evaluating adolescents or children is not deemed appropriate without making age-appropriate changes [58] .
The question of whether or not the assessment of QoL of children should be made by children themselves or their parents has been discussed for many years. Some researchers argue that a subjective assessment is more valuable because it reflects the conditions of children from their own perspective, while others suggest that an objective assessment made by parents with proxy scales has more validity [7, 97] . In general, it is proposed that scales used for evaluating QoL should be filled by the individual himself. However, the necessity of using proxy-report scales instead of self-report scales in persons who are too old, too young, or too sick to fill out the forms themselves has brought about the discussion of who will fill out the QoL scales. In last decade, the idea that children, after 3 years of age, need to self-assess their quality of life as much as possible has become more dominant. If children or adolescents are too young or too sick to answer the questions, or if they do not wish to, then, to evaluate their QoL, the use of the parents' version of QoL scales is recommended. In this case, the negative aspects of using parents' scales should be considered, which are as follows:
• Parents will not be able to know precisely what their child is experiencing from the symptoms, the child's relationship with his peers, or about his concerns for the future.
• Being affected by other children while filling out the scales, or the possibility of being affected by their own expectations and hopes, stress, or mental states at that moment.
Where possible, the use of scales that can be compared between parents and children seems to be the most appropriate solution. However, because these scales are limited in number and the results of the parents and children are not always compatible with each other, there are difficulties in using combined parent proxy and self-reporting. When analyzing parents' and children's scales simultaneously, children, unlike their parents, did not seem to be affected by the cause of the disease or its treatment; they look at their disease more optimistically. Having friends and their ability to run and play are the more important issues for them than the necessity of basic skills and aptitudes. Besides this, it should be noted that the level of the cognitive development of the child affects the ability to fill out the scale [7] .
Generic QoL scales
Some generic QoL scales used in adults and children and adolescents are as follows:
For adults
The QoL in ADHD http://dx.doi.org/10.5772/60955 213 4. The Short Form-36 General Health Survey Questionnaire (SF-36): This is a short questionnaire with 36 items that measure eight of multi-item variables: physical functioning, social functioning, role limitations due to physical problems, role limitations due to emotional problems, mental health, energy and vitality, pain, and general perception of health. It uses a scale of 0 to 100, with higher scores representing a better quality of life [68] . 
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2.
The Child Health Questionnaire (CHQ): It was validated by Landgraf, Abetz, and Ware (1996) and was examined for its reliability and validity with a group of children, ages 5-18. It is available in many different languages (Arabic, Bulgarian, Chinese, Danish, English, German, Spanish, etc.). CHQ has 12 subscales and 2 summary scores. It has a child's form (CHQCF-87 items) and two types of parents' forms (CHQ-PF-28, and 50 items). However, these are not parallel versions. CHQCF-87 was developed to be com-pleted by children aged 10 or older. CHQ is frequently used to assess the QoL of children with different diseases [40] .
3.
The Child Health and Illness Profile (CHIP): It was developed by Starfield et al. (1995) , assessing five domains that include achievement, comfort, resilience, risk avoidance, and satisfaction with health and self. CHIP has three versions: an adolescent form (CHIP-AE; ages [11] [12] [13] [14] [15] [16] [17] , an illustrated form for children (CHIP-CE; ages 6-11), and a parallel version to measure the parental perspective on children's health and well-being (CHIP-PRF) [56] . 
ADHD-Specific QoL Scales
Because the assessment of QoL with generic measures has the potential disadvantage of emphasizing areas of disability that are inappropriate to the disorder in question, there have been several attempts to construct new evaluation scales, for both adults and children. The generic QoL scales such as SF-36, for instance, may not be correlated with the symptoms of a specific disorder like ADHD, indicating the need for specific QoL instruments [101] . Healthrelated QoL scales are not purely related with the disease itself, but are also associated with other factors such as family, friends, and socioeconomic and cultural issues. This situation emerges as a complicating factor in evaluating the relationship between the disease and the QoL. Some disease-specific QoL scales used in adults, children, and adolescents with ADHD are as follows:
For adults: 3. The ADHD Impact Module for Adults (AIM-A): AIM-A is a validated measurement of the quality of life in adults with ADHD. The AIM-A measures the following multi-item concepts: living with ADHD (10 items), general well-being (11 items), performance and daily functioning (10 items), relationships/communication (8 items), bothersomeness/ concern (9 items), and daily interference (9 items). Like SF-36, it uses a 0-to-100 scale, with higher scores representing a better quality of life [102] .
For children and adolescents:
1. The ADHD Impact Module-Child (AIM-C): This is a disease-specific HRQoL survey instrument, consisting of two core multi-item scales to assess HRQL impact on the child and family. The child scale includes 8 items that measure the well-being of the child, and the home scale includes 10 items that assess the impact on the family/parent at baseline and study endpoint. In addition, the AIM-C includes 10 clinical treatment questions, a 6item school cooperation scale, 9 parent attribute/knowledge items, 4 economic impact items, and 4 demographic questions answered by the subject's parents [44] . The EQ-5D scales were also significantly correlated with the ADHD-RS scales. The proxy version of the EQ-5D completed by parents was able to detect impairment in children diagnosed with ADHD in the United States and the United Kingdom. Significant correlations were found with an ADHD symptom measure and previously validated multi-dimensional QoL instruments. These results suggest that parent-proxy EQ-5D ratings are feasible and valid to be used as a part of an overall health outcome assessment in clinical studies of childhood ADHD [105] . The QoL in ADHD http://dx.doi.org/10.5772/60955 221
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